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Dear Sir or Madam:

BP Chemicals, Inc. submits the attached study pursuant to the terms of the TSCA
Section 8(e) Compliance Audit Program (CAP) and the BP America CAP
Agreement:

Study Identificati

Toxicity Studies with HEMA (Hydroxyethyl Methacrylate) and Related Studies; .
Report No. 25-90-0044 dated March 10, 1981.

HEMA was evaluated in the following biological assays:

Skin Irritancy in Rabbits

Skin Sensitization in Guinea Pigs

Eye Irritancy in Rabbits

Mutagenicity in Salmonella typhimurium

HPMA (Hydroxypropyl Methacrylate), HPA (Hydroxypropyl Acrylate), and HEA
(Hydroxyethyl Acrylate) were also evaluated in the skin irritancy assay. MA
(Methacrylic Acid) was also evaluated in the skin sensitization assay.

Identity of Tested Chemical Sul Mi | CAS Number (if I \

Hydroxyethyl Methacrylate (CAS No. 868-77-9); Hydroxypropyl Methacrylate
(CAS No. 923-26-2); Hydroxypropyl Acrylate (CAS No. 999-61-1); Hydroxyethyl
Acrylate (CAS No. 818-61-1); and Methacrylic Acid (CAS No. 79-41-4).

Summary of Results

Skin Irritancy in Rabbits

HEMA and HPMA were found to be mildly irritating to rabbit skin. HPA and
HEA were found to be severe irritants producing necrosis, subcutaneous
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hemorrhage and pitting edema over a wide area of skin. The reaction was
particularly severe in the case of HEA.

Skin Sensitization in Guinea Pigs

HEMA was shown to be a potent contact sensitizer in the guinea pig
maximization assay. Results do not support the theory that free MA content of
HEMA is responsible for HEMA's sensitizing potential, although results indicate
cross reactivity with MA. This suggests that individuals sensitized to HEMA
may also react to MA.

Eye Irritation in Rabbits

HEMA was severely irritating to the rabbit eye.

Bacterial Mutagenicity

HEMA was not mutagenic to bacteria in the Ames assay.

The results of this program are consistent with the- known toxic effects of low
molecular weight acrylates and methacrylates.

Previous PMN or 8(e) Submissions by BPA: EPA Document Control Number(s)

None.

BP Chemicals imports HEMA, HPMA, HPA and HEA into the U.S. Warnings about
the hazards defined in this program are included on product labels and
Material Safety Data Sheets for these chemicals.

Submitted by:

D

Richard B. Stalzer

Manager, Health, Safety and
Environmental Quality

BP Chemicals, Inc.

216-586-5311""" "
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SUMMARY

= o d out of the mutagenic potential and

ﬂ“d‘”inncy of hydroxyethyl methacrylate (HEMA), the
ire s‘sensitising potential of HEMA and methacrylic

LA and the skin irritancy of HEMA, two competitor

cre carrie

.G‘dgéihquMA I and HEMA 1I), hydroxypropyl methacrylate
:::SA). hydroxyethyl acrylate (HEA) and hydroxypropyl
acgylatc (HPA).

s indicate that HEMA is a potent contact
wenpitiser, a property which appears to be independent
pt the residual methacrylic acid levels. The monomer
3¢ alxo irritant to the skin and eye producing corneal
damage and tissue inflammation in rabbits. Washing the
eyes tmmediately with water following accidental
contamination is likely to reduce the severity and
suration of the reaction. There was no evidence of
agenic activity on the part of HEMA as shown in the

' tests.

wpe 1esult

maut
S A

on the basis of the result of the guinea-pig sensitisation
etudics and the skin irritancy studies in rabbits, it was
not possible to distinouish between HEMA, HEMA I and HEMA II.

tents in guinea pigs failed to demonstrate any sensitising
potential with MA,

uoth HPA and HEA produced severe skin damage in rabbits
‘ollowing exposure under occlusion; skin and eye contact
with these materials should be avoided.
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e ont of a purer grade of hydroxyethyl

He , lo
'*713t2e132520,ngCL requested advice from GOHC on
; ry‘%15dlinq of the new product. The studies
e #afC i here form part of a programme of toxicological
‘ 'i’gzsiqned to provide sufficient information to
--Alipd‘°” ne requirements of the Health and Safety at Work
'_:::!IQY;: and as a basis for providing sound advice on
" ’

.‘f;;nandliHG-

£ HEMA have been associated with high

ton allergic skin sensitisation in workers
J“”ci‘ced ;n the printing industry and uikrarge s SEN

' "x“:zbed-@hae—these’reaemﬂmnﬂy-are-duEFHﬂTFEHE“free
oyt cidwcontet= =TI PYBaUet.  In order to
r:,( this hypothesis, the sensitisation study compared

- tne allergenic potential of the BPCL grade of HEMA with

" 4nat of methacrylic acid (MA) and provided for cross-
¢nallenge of the MA-sensitised animals with hydroxypropyl
sothacrylate (HPMA) and competitor grades of HEMA.

i addftion, GOHC were asked by BPCL to compare the primary

ey in irritancy of HPMA, HEMA and hydroxypropyl acrylate (HPA)
iex BPCL) with those of the two grades of HEMA produced by
another company and one sample of hydroxyethyl acrylate (HEA) .
(v« memo ref. RAR/AAP, 23rd September 1980). :

ades ©O

2 TEST MATERIALS

namples of the following products were supplied by BPCL,
arshalton:

2.1 HEMA (BPCL Product).

2 “u”"““ TSR £

HEMA I (Rohm Product).

sy g i
N
.
[\°]

2.3 HEMA II (Rohm & Haas Product).

2.4 MA

Sl iy,

2.5 HPA (BPCL Product).
2.6 HEA (Competitor Product).
2.7 HPMA (BPCL Product).

3. INVESTIGATIONS

3.1 Primary Skin Irritation

The primary skin irritancy of HEMA, HEMA I, HEMA II,
HPMA, HEA and HPA were assessed using albino rabbits.

The test materials were applied in 0.25 ml aliquots to
areas of abraded and non-abraded shaved dorsal skin
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ne sites covered for 24 hours with occlusive
the After removal of these patches any
sping. test material was washed off with water
; a:géngeactions evaluated using the "Draize"
= gcoriny system approximately 1 (24 hr reading) and

48 hrs(72 hr reading) later.

teyrces of irritation observed with the products
™ (uMmarised in Table 1 as Draize Scores. With

are fxception of HPA and HEA the,.degheemofeirmideatyrhonw -
the © aLials»was simi larrme3Tre~gfe

ff&mk be mild irritants-ifvcontactewivh>hamarr
nkuh:::§§55§‘-353%§§6 HEA were found to be severe

irritants producing necrosis, subcutaneous haemorrhage

and pitting oedema over a wide area of skin. The

reaction was particularly severe in the case of HEA.
Mistological examination of one area of skin exposed to

ypA rcvealed epidermal necrosis together with areas of damage
and haemorrhage extending deeply into the deep dermis

and hypodermis.

3.2 Skin Sensitisation Studies

The censitisation potentials of HEMA and MA were

studied by the method of Magnusson and Kligman, 1969.
Two weeks after topical induction, the animals were
challenged for the first time. Test and control

groups were challenged with 25% and 10% concentrations
of HEMA. Additionally, the MA test and control

groups were challenged with 5% and 2.5% solutions of MA.

One week after the first challenge, the test and control
HEMA groups were challenged with 5% HEMA, 5% HEMA I and
5% HEMA II, 10% MA and 5% MA. Test and control MA
groups were challenged with 10% and 5% MA. Skin
reactions were evaluated at 48 and 72 hours following
application of the challenge and re-challenge patches.
Animals induced with HEMA were demonstrated to be
sensitised; all reacted positively to a challenge with
a 10% solution. Following the challenge with 5%
solutions of HEMA, HEMA I and HEMA IT, four of the
sensitised animals responded to all three and a further
two animals only to HEMA I and HEMA II. Eight of the
animals also reacted to challenge with 10% MA. However,
at this concentration there was some evidence of
irritancy in the control animals so that the reaction
May not have been wholly allergic in nature. TFiveowsoowsss

saQ Dy c 2. . ¢ sl Erys
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1ts of the studies revealed no evidence that
. ecame sensitised to MA, the incidence
greater in the control than

The 195 g
fihe animals DE€ :
skin reactions being

.‘the test group.
Toema ncludedsthat-akbrthergrades“of - “HEMA~
Qs:ggzzgetentAsensihisensuandmaeu&dubeuexpectedmto

‘::ﬁhcaﬂaw&ergic@connacuasensib&u&hyn&nugome.indLgiduaLs

ngddgp“eatedmexpc.suxe- The experimental results

do not permit a comparison of the relative sensitising
trentials of the three grades of HEMA. In addition.

f:c results do not support the theory that the free MA

content of HEMA is responsible for its sensitising

potcncial though individuals sensitised to HEMA

might well cross-react when exposed to MA.

3.3 Eye Irritation Studies

The eye irritancy of HEMA was assessed on albino rabbits;
approximately 0.1 ml of neat HEMA was introduced into one

eye of each animal. The ocular irritation produced by the
material was assessed at approx. 3 hours, 1,2,3,7 and 15 days
after instillation. Effects on the cornea were studied
further using sodium fluorescein to confirm the presence

of cpithelial damage and a slit lamp to measure corneal

thickness.

The animals reacted immediately to the instillation of
the test material, the eyes remaining closed for a time.
The numerical scores' awarded to the ocular reactions

arc summarised in Table 2.

Instillation into the eye of HEMA resulted in immediate
discomfort. The adverse effects on the conjunctivae and
the cornea were long lasting. Fluorescein staining
revealed large areas of corneal ulceration. There

was, in addition, a definite increase in corneal thickness
in all test animals, an effect which persisted for at
least 7 days. In view of the continuing severity of the
lesions at 7 days, observations were made at 15 days.
These revealed that the rabbit eyes were almost back to
noimai although a minor corneal defect persisted in one
animal,

hfmbhoenaseniaimmianncowvas hodmi sivemayenGRIEcleh
The studies did not include observations on the effect -
of washing the eyes following instillation of the test
Material although bearing in mind the solubility of
HEMA it is likely that washing with water would

Significantly reduce the extent of damage.
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4 Mutagenicity Studies

. le of HEMA was tested with and without metabolic
A samption in S. typhimu§ium strains TA 98 and TA 100
activa E. coli strains R WP2 and uvrA and WP2. An
and 1Ton;1 increase in the number of revertants over
OCcasontrol level was observed with TA 100 in the

the $1ted tests. However, this increase was not
ac‘iigcent or dose-related. Negative findings were
cg?nined in fluctuation tests using TA 98 and TA 100,
goth with and without metabolic activation. The
concentration range used in these studies was 0.2 to 1000
pa/ml.  ThessesiltSeshowcthatubheahahomials WaS=Robosm

m i systems.

»1SCUSSION

4.1 HEMA

The studies have demomstrated that hydroxyethyl methacrylate
trritates tissues with which it comes into contact.

A keheugh- theskdrratrritaney~in-rabb e was mr¥dr~contice
withy,eyeswpkoduced. corneals damage " arid* €t ssueHf Tanimition
«hich nergisbed.uforsnearlydeweckon  whnmaddidaionmys HEMAm
\Semrha DR LEMERRLACE »SENSd bl SeL suampPRope Lbmihicheappears.
Lnkenkargelisdadependent~ofathesresidualamethacnydic
agistdmiverve WS | Acute skin contact with HEMA is unlikely
to produce severe reactions in man although repeated
exposure could result in allergic or irritant dermatitis.
There was no evidence of mutagenic activity in the 'Ames’
tests conducted with HEMA, indicating that the monomer
does not interact significantly with DNA. Its lack of
activity in these tests supports the general impression
gained from its structure, biological activity of -
related materials and the likelihood of its rapid
metabolism to ethylene glycol and:methacrylic acid,

that HEMA is unlikely to present a carcinogenic hazard.
Acute toxicity studies via the oral and percutaneous
routes of administration have also been conducted with
HEMA and the results will form part of a supplementary
report. ; o

4.2 HEMA I & HEMA II

The skin irritancy of these competitor products was

assessed and compared with those of HEMA and HPMA.

All were found to be mildly irritant and no significant
differences in the response were observed. Cross-challenge
of HEMA-sensitised guinea-pigs with HEMA I and HEMA II

dave a response n> greater than that of HEMA itself. On

the basis of these results it is not possible to differentiate
between HEMA, HEMA I and HEMA II in terms of their effects
following skin contact. , :
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upA and HEA

£d.) .
. h of these materials produced severe skin damage
i?'otlouing exposure under occlusion. Both can be
A”t01 sed as severely irritant; the extensive damage
\ cla;oth the epidermis and deep dermis suggest that
e monomers are extensively absorbed through the
‘:z\ 1t follows that skin and eye contact with
.hcté materials should be avoided. Since HPA
:p a new BPCL product, early consideration should
pe given toO reviewing the available toxicological
data with a view to ensuring sufficient information
ts to provide adequate advice on handling within

exis ;
the terms of HSE requirements.

The theory that residual methacrylic acid levels in
NEMA may be wholly or partly responsible for its
rensitising properties was evaluated in the guinea-pig.
The results provided no support for the theory but
confirm the lack of sensitisation potential by MA
observed when individuals sensitised to methyl
miethacrylate were challenged with methacrylic acid

and a number of its esters. Positive reactions were

obtained for all but MA. (6)

4 T L e e (TP gy o

SRy ot e ) e g

DR. F.M.B. CARPANINI

FMBC/Cs
25.3.81
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TABLE I

<IN IRRITATION STUDIES: TOTAL NUMERICAL SCORES
-4 SB‘D CALCULATED MEAN IRRITATION INDICES

No. of Animals Total Scores Mean Irritation
Erythema Oedema Index

Erythema + Oedema

6 9.5 o 0.4
6 27.5 - 2.0 \r}/
st 13.0 0 0.7
6 27.0 1 1.2
6 21.5 0 0.9
qt 16.5 o 1.0
6 96 96 8.0
6 96 33 5.4

? “Unrcadable" animal(s) excluded.

: -
P . «
G\ttw\.b\.—vhmml,“;‘ m.-__.;”_‘“wq‘“ -

*
2 WU

T B ) i )i v
el Lot recy Mac-in .
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_ CUNMERICAL SCORES OF OCULAR REACTIONS TO HEMA
<rea of Score at Time
Eye 3 hr 1 day 2 days 3 days 7 days 15 days

Cornea 1 1 1 2 <1 o}
iris o o} 0 1 0 o
Conjunct R. 2 2 2 3 1 0
Conjunct C 2-3 2-3 2-3 4 1-2 o)
Conjunct‘D 3 3 3 3 0 1
Cornea 1 1-2 1-2 1-2 1 0
1ris 0 o) o) 0-1 o 0]
Conjunct R 2-3 2 1-2 1-2 1 o)
Conjunct C 2-3 2 1 1 1 o
Conjunct D 3 3 (0] 1 0 0
Cornea 1 1 1 1-2 2 1
Iris o) o) 0] o-1 ¢) 0]
Conjunct R 2-3 1-2 2 2.3 {1 o
Conjunct C 3-4 1-2 1-2 3-4 1 ’ 1
Conjunct D 3 3 2 3 0] 0
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HEMA: Dermal irritation in rabbits is of low concern. Application of 0.25 mL to the intact and
abraded skin of six rabbits resulted in mild irritation.

L

HPMA: Dermal irritation in rabbits is of low concern, Application of 0.25 mL to the intact and
abraded skin of six rabbits resulted in mild irritation.

H

HEA: Dermal irritation in rabbits is of high concern. Application of 0.25 mL to the intact and

abraded skin of six rabbits resulted in severe irritation. Necrosis, subcutaneous hemorrhage, and
pitting edema also occurred. Histological examination revealed damage extending into the deep
dermis and hypodermis.

H

HPA: Dermal irritation in rabbits is of high concern. Application of 0.25 mL to the intact and
abraded skin of six rabbits resulted in severe irritation. Necrosis, subcutaneous hemorrhage, and
pitting edema also occurred.

H

HEMA: Dermal sensitization in guinea pigs is of high concern. A dermal sensitization test was
conducted with guinea pigs (number of animals not provided) according to the Magnusson Kligman
method. No results were provided for the first challenge with 25% and 10% solutions. Subsequent
challenges elicited the following responses: all animals sensitized with a 10% solution; six animals
sensitized with a 5% solution; and eight animals sensitized with a 10% solution of MA. The
compound was classified as an extremely potent sensitizer.

L

MA: Dermal sensitization in guinea pigs is of low concern. A dermal sensitization test was
conducted with guinea pigs according to the Magnusson Kligman method. No exhibited a positive
response upon challenge.

M

HEMA: Eye irritation in rabbits is of moderate concern. Instillation of 0.1 mL of the substance into
one eye of three rabbits resulted in severe irritation. Fluorescein staining revealed large areas of
corneal ulceration. Increased corneal thickness also occurred, which persisted for at least 7 days.
Observation at 15 days revealed that most of the irritation subsided; only a "minor corneal defect” was
observed (1/3 rabbits).




